This paper focuses on the optical mode analysis of laser diodes to improve light emission. Under the mode analysis, we compare the optical confinement factor (OCF) percentage of the emitting light from the LDs. There are two structures which we analyze: a basic GaN waveguide structure and an InGaN waveguide structure. The second structure has additional InGaN waveguides and is analyzed under two additional design variations: the concentration of Indium and the thickness of the top waveguide layer. The results of this study indicate introducing InGaN waveguide layers correlates with lower order modes (zero and first order) and increase the OCF values. The top InGaN waveguide layer, which has a higher concentration of Indium, appears to increase the OCF. However, the increased thickness of the InGaN layer causes the lower modes' OFC to decrease. Over all, in the best case, InGaN LD has an OCF of 1.8896%, which is about a 312% improvement compared to that of GaN LD ( OCF=0.4535%).
Introduction
Today Laser Diodes (LDs) are used for multiple applications. The use of solid state laser devices has been found in fiber optics, visual imaging, and in high quality media storage [1] - [3] . The GaN waveguide LD structures have been used widely for these applications. In fiber optics, there have been studies of LD's light emission in mode patterns to improve light emission efficiency [4] . Previous studies have found that lower active modes use less current and lower power to operate the LDs, which can also improve the lifetime of the LD [5] . The various modes can be compared by their optical confinement factor (OCF) percentage, which is a ratio comparing the amount of light emitted over the active region in relation to the entire structure [6] . However, due to the high refractive index of GaN material, the efficiency of these structures is very low due to total internal reflection [7] . The total internal reflection causes ghost modes to form within the structure because of the light being refracted back into the structure [8] . Recently, InGaN waveguide layers have been used to enhance the intensity of GaN LDs in experiments [9] . In this paper, we use mode analysis to prove how the addition of InGaN waveguide layers improves the light emission of mode patterns in theory. The one dimensional simulation models (shown in Fig. 1 ) and results of two GaN LD multi layered structures (a GaN waveguide structure and an InGaN waveguide structure) are presented in Section II and III, respectively. 
Simulation Model
We propose to use a 1D multi-layered structure model to replicate the properties of the laser diodes for simplicity. By using Rosft LaserMOD [10] , we were able to create the following structures shown in Fig.1 . Our focus is on the properties of the InGaN waveguide in relation to the GaN waveguide and its effects on the OCF. The Ritz simultaneous iteration method is used to perform the mode analysis on both structures. The properties of the GaN LD structure and the InGaN structure are also listed below in Table 1 and Table 2 , which include detailed information about the layers, layer material, thickness, refractive index, and composition. 
Simulation Results
Modal analysis of GaN waveguide structure. We simulate the first structure, shown in Fig.1(a) . Under the mode analysis, we calculate the OCF for the first ten modes at a wavelength of 450nm. Fig.2 displays the results of the mode analysis using the GaN LD structure described in Table 1 . The maximum value of the OFC in our simulation is 0.4535% for modes 2 and 9. This will be used as a reference and be compared with that of the InGaN LD structure in section IIIB, IIC, and IID. Modal analysis of InGaN waveguide structure. The second simulation performs the mode analysis for the first ten modes at 450nm wavelength for the InGaN waveguide structure, shown in Fig.1(b) . Fig.4 displays the OCF of each mode. The structure clearly prefers fundamental modes (modes 0 and 1) with the OCF values of 1.5687%. The OCF here is increased by about 247% compared to structure in Section IIIA (OCF=0.4525%). The additional InGaN waveguides improve mode distribution compared to the GaN waveguide structure. Concurrently, the mode orders reduce from mode 2 and 9 to modes 0 and 1. This variation of mode order, to lower modes, shows the effects of the InGaN waveguide layers on the optical mode emission. Study of InxGa1-xN concentrations. We perform the additional modal analysis for the InGaN waveguide structure by varying the doping level of the InGaN waveguide located above the active region, on the y-axis. The doping levels of Indium in the layer are changed from 0.03% to 0.15% in steps of 0.03% at 450nm wavelength. The InxGa1-xN waveguide refractive index changes with different concentration, which is shown in Table 3 . The results of the simulation can be seen below in Fig.4 , which is the mode analysis under different doping levels of the top InGaN waveguide
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Opto-Electronics Engineering and Materials Research layer. The plot displays each modes' OCF and the legend displays the composition of the InGaN waveguide. The maximum values are always around the fundamental modes, with the highest values around 1.889%. As the concentration of Indium increased, we find an increase in the OCF from 1.5687% at In(0.03) to 1.889% at In(0.15). Furthermore, the OCFs decrease at the second order mode from 0.25% at In(0.03) to 0.08% at In(0.15). The improvement is only significant in steps leading up to a 12% concentration of Indium at an OCF of 1.8696% since there is only a 0.02% increase in OCF from 12% Indium to 15% Indium concentration, which can be observed in Fig.4 . From these results, the OCF has a 20% gain by using the In0.12Ga0.88N waveguide layer over the basic In0.03Ga0.97N structure. Study of In0.03Ga0.97N thicknesses. In the last simulation, we varied the thickness of the same In0.03Ga0.97N waveguide layer. Again using the mode analysis at 450nm wavelength, we observe how the OCF changes with each mode for the first ten modes. We vary the thickness from 0.8µm to 1.08µm in steps of 0.1µm. Fig.5 displays the OCF in relation to the changing thickness and the legend refers the mode order. From Fig. 5(a) , we notice fundamental modes share an inverse relationship between OCF and thickness since the increase in thickness relates to a decrease in OCF. However, for modes 2 and 3, we notice high values of an OCF about 1.02% at 0.38µm thickness and remains above 0.7% until a thickness of 0.68µm reached. From Fig.5 (b) , the high value of the OCF for mode 4 is 0.797% at 0.28µm, for mode 5 an OCF of 0.866% at 1.08µm. From Fig.5(c) , the highest OCF value for mode 7 is 0.866% at 1.08µm, for mode 9 a high OCF value of 0.549% at 0.58µm. The results show the fundamental modes are most effective with thin layers, as Advanced Materials Research Vol. 571 well as in modes 2 and 3. The higher order modes display no clear trends, but have high OCF values with thicker waveguide layers. For the best results, the 0.08µm thickness has the highest OCF of 1.5687% for the lowest modes, and lower OCF values for the high modes. 
Conclusion
Our simulations show that adding the InGaN waveguide layers can improve the OCF efficiency of the modal pattern. By using the first simulation model as a reference, the second simulation model shows that the InGaN waveguide shifts the active modes to modes 1 and 2 from 2 and 9, and increases the maximum OCF values from 0.4535% to 1.5687% which is a 247% improvement. The increase concentration of Indium in the top InGaN waveguide results in an increase in the OCF for lower order modes to 1.889% while decreasing the OCF for higher modes, with a plateau at a 12% Indium concentration. This is about a 322% improvement compared to simulation model 1. Increasing the thickness of the top InGaN waveguide decreases the OCF of lower order modes and allows active high order modes to appear. In general, the 0.08µm is an ideal thickness of the InGaN layer in our simulations.
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